Abstract: Musical timbre is a particularly difficult attribute to measure and quantify. However, Pollard and Janson (1982) C31 have successfully plotted the changing timbre of the starting transient and steady state of a single note. Following on from their work, the changing timbre of an ensemble piece of music i s graphed using just two in* pendent-parameters, these being derived from Stevens (1971) C41, Mark VII.
Introduction
When faced with the need to discuss the timbre of a piece of music, the analyst of a piece of music's form and structure is severely restricted by the lack of a specific language with which to describe what i s heard. The repercussions of this analytical gap vary in importance depending on the genre of rmsic under consideration. For a piece which does not appear to use timbre as an important means of articulating structure, the absence of an analytical timbral language may not be a significant encumbrance to an understanding of the overall structure of the piece. However, consider the efCect of playing in piano reduction a X)th century orchestral work such as Xenakis' Pithoprakta, or pieces by Ligeti or Lutoslawski. The basic nature of the piece would be grossly distorted. With this sort of music, timbre is not just a carrier for more structurally important information, it i s vital for our understanding of the music. In order to discuss this type of music, a more precise analytical language for music timbre would be helpful.
Theoretical Backgrcund
The timbre of a musical sound depends on our perception of that sound's compomnt sirmsoids -their amplitudes, the way they change through time, the way they are spaced, and, 0-f lesser importance, their phase. Putting the phase information to one side, a spectrograph is a very useful tool for examining the sinusoidal makeup of a swnd (see Figure 1 ). This spectrograph was produced by the software Hypersignal1, using data sampled from a Compact Disk at 44.1 kHz, then subjected to an FFT of order 12, framesize of 4 0 9 6 samples, overlap of 2048, and using a Hamming Window.
The information on cur perception of timbre i s embedded in this spectrographic data. Robert Cogan (1984) Ell attempted to extract timbre infovmation visually from the raw data of a spectrograph. This method may be assisted by applying'a ----------- perceptual weighting factor to the data. Figure 2 represents the data of Figure 1 after an A-weighting has been applied.
While Figure 2 i s closer to a representation of the way we perceive the music than Figure 1 , it still does rot get us closer to extracting specifically timbre irrformation. In addition, the weighting factor does not take into account the more subtle perceptual effects as expressed in the set of equal-loudness contours, nor does it address the efFects of masking.
. Timbre Data Extraction and Redction
John Grey (1975) C21 fcxlnd that three dimensions were sufficient to plot the perceptual data obtained by asking people to discriminate between 16 instrumental tones, equalised for pitch, duration and loudness. Taking their cue from this nwnber of dimemiom, Pollard & Janson (1982) C31 have proposed a method of graphing the timbre of a single note, which rormalises data for pitch and loudness.' Three measurements are extracted from spectrographic data and used to plot a single point on a triangular graph, named a tristimulus diagram. A point on the graph represents the timbre of a note at a particular instant of time. Three values may then be derived: Fls x + y + z must equal 1, only two values need to be plotted.
l.1t i s understood that components in a swnd other than those utilised in the tristimulus diagram and discussed later in this paper, will play a role in timbre perception. However, the acousic wmponents of timbre discussed here are considered to be primary to our perception. 
